Ahstract--Resilication of bauxite produced kaolin at and beneath an old erosion surface on bauxite at the Alabama Street Mine of ALCOA in Saline County, Arkansas. The transitional alteration can be traced in morphology by scanning electron microscopy, (SEM) and in AhSi ratio by energy dispersive analysis. In one illustrated example, the sequence of resilication took place within 1 mm thickness; in another, across 80 ram. The first morphologic alteration ofgibbsite (bauxite) appears to be to allophane that occurs in micrometer-size plates which show elongate cracking and/or straight to highly curved elongate edges. The next phase is kaolinite, first in micrometer-size flakes followed by coarser flakes that grade into a zone of typical stacked kaolinite, likewise identified by X-ray powder diffraction. Notably large stacks and small flakes of kaolinite are intimately mixed in the SEMs, thus suggesting that unequal sizes of kaolinite crystals can grow during one episode of an in-situ genesis.
INTRODUCTION
Kaolinite occurs in the bauxite deposits of Arkansas in a variety of relationships, such as in layers above or below the bauxite, as vein fillings, as replacements, and with either gradational or relatively sharp contacts with bauxite or nepheline syenite. The purpose of this paper is to show by scanning electron micrographs (SEM), augmented by energy dispersive analyses (EDX), stages in the resilication of bauxite to kaolinite in two specimens collected from a representative commercial deposit of bauxite in Arkansas. In one sample kaolinization took place within 1 mm, whereas in the other, it extended across 80 mm.
FIELD OCCURRENCE AND LITHOLOGY
Hand specimens containing both bauxite and kaolinite in contact were collected from the Alabama Street Mine, courtesy of ALCOA, in the NEI/4 SW1/4 Sec. 15, T2S, R14W, Saline County, Arkansas. This bauxite ore is of the conglomerate type (Gordon et al., 1958 ) that subsequently, in Eocene time, had been eroded to a bouldery upper surface and then overlain by a carbonaceous sand. A hand specimen broken from the top of the ore body shows ( Figure 1 ) the smoothed, kaolinized, upper surface and the underlying rougher pisolitic nature of the conglomerate ore.
The gibbsite in the bauxite, and the kaolinite in the surface layer, were identified by X-ray powder diffraction (Figures 2a and 2b) . Their microtextures are shown in Figures 3 and 4 , in which the texture of the bauxite is typical of the lateritic variety (B~irdossy et al., 1978; Keller, 1979) , and the texture of the kaolin is similar Copyright 9 1984, The Clay Minerals Society to that of kaolinite from Georgia or Cornwall (Keller, 1978) . EXPERIMENTAL For scanning electron micrography, small chips were broken from the hand specimens to expose fresh surfaces which were examined without further processing than to coat them with a thin layer of gold to carry away excess charge from the electron beam. An essentially continuous sequence of chips was taken across the specimens at changes in morphology from the bauxite to kaolinite.
Energy dispersive analyses were made either over an entire area in a micrograph or on selected spots and reported as Al:Si ratios. The ratio-estimating analytical technique is quite suitable for this study because A1 and Si (with accessory Ti) are the distinguishing constituent elements, apart from O and H, in both gibbsite and kaolinite. Moreover, because ratios rather than absolute values are obtained, determinations may be made on the naturally inclined (to the electron beam) cleavage surfaces of mineral grains because the inclination is the same for both elements.
Si is reported about 10% high in the ratio because of minor absorption of A1 by Be in the detector. For example, kaolinite ideally should show an Al:Si atom ratio of 1:1, but independently analyzed reference specimens typically yield ratios of 1:1.1. Pure gibbsite ideally should show Al:Si as l:0.0, but bauxite, which commonly contains trace amounts of kaolinite, typically yields a number in the second decimal place, as l:0.0x. However, because the main objective of the EDX analyses was to estimate the relative amounts of gibbsite and kaolinite in the areas examined, comparative AI:Si ratios by the EDX spectra satisfactorily furnish this information. More than 100 SEMs and 150 EDX analyses were made from the two hand specimens described in this report.
TRANSITIONAL STAGES OF RESILICATION SHOWN BY SCANNING ELECTRON M I C R O G R A P H Y

Hand specimen 1
A single chip from the hand specimen shown in Figure 1 displayed a full progressive sequence from gibbsite to kaolinite, presumably because the fracture fortuitously took place along an inclined, stepwise surface across the transition ( Figure 5 ). The microporous material at position A in Figure 5 that extends to the lower part of the micrograph is shown in Figure 6 . Its morphology is that of bauxite (gibbsite), and its AI:Si ratio is 1:0.09 for the picture area, confirming its identification as gibbsite. In the upper right-hand comer, how-ever, of Figure 6 , above spot 1, are several different crystals or grains that are elongate in cross section, suggesting a change in morphology. They increase in amount toward position B in Figure 5 . This area is magnified in Figure 7 in which the band of elongate shapes crosses it diagonally above spot 1. These elongate forms are variously straight, curled, or "Y"-shaped bifurcated edges of plates, more clearly shown at higher magnification in Figures 8 and 9. Their AI:Si ratios are 1:0.09 at spot 1 in Figures 6 and 7 (same location) and at spot 1 in Figure 8 . Additional analyses of similar structures in other SEMs not shown yielded ratios of 1:0.09, 0.10, and 0.12. On the basis of their variable composition, platy structure, and mineral association, these particles are likely allophane, probably aluminarich allophane. Thus, the allophane occurs as if it had originated from parent gibbsite to which variable amounts of silica had been added.
The allophane shapes decrease gradationally upward to another zone, such as occupies the upper part of Figure 7 , likewise at position C on Figure 5 , and also separately shown in Figure 10 . The AI:Si ratio of the area in Figure 10 is 1:0.24 which represents a significant increase in Si from that in Figures 7 and 8 . It is inferred that the tiny stacks in Figure 10 represent kaolinite that developed from grains of gibbsite. Figure 19 . Scanning electron micrograph of cracked plates in a transition zone between gibbsite and first-stage kaolinization. The morphology of this material resembles that of reference allophane. Bar = 1 ~m. Figure 16 . Hand specimen 2 in which "pure" bauxite at H grades to "pure" kaolinite at N.
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The area above position C ( Figure 5 ) on a "topographic bench" at position D, is the area shown in Figure 11 . The platy morphology and decrease in texture ofgibbsite presage more kaolinite. The AhSi ratio in the entire area of Figure 11 is 1:0.53, suggesting that approximately half of the material is kaolinite.
In the next "bench" at position E in Figure 5 , shown in Figure 12 , the morphology is chiefly that of small stacks of kaolinite. The AI:Si ratio of this picture area is 1:0.86, confirming the increase in kaolinite. At position F (in Figure 5 ), shown in Figure 13 , morphology characteristic of kaolinite is present, and the area has an AhSi ratio of 1:0.84, which is comparable to that found for position E. At position G in Figure 5 , the morphology as shown in Figure 14 indicates dominant kaolinite. The Al:Si ratio in this area is I:1.05.
The basal layer of the chip, in the area to the left of positions F and G, is shown in Figure 15 ; it appears morphologically to be entirely kaolinite, which is supported by an AhSi ratio of 1:1.1. Significantly, the crystals range in size from thin individual flakes less than 1 um in diameter to flakes 10/~m in diameter stacked in books 15 #m thick. Presumably these disparate sizes formed, or "grew" by a single crystallization process that operated within a single genetic episode. In other environments, however, unequal sizes of kaolinite crystals may originate from dissimilar parent materials, by nonuniform sorting during transportation and deposition, or from multiple sources.
Hand specimen 2
In hand specimen 2 (Figure 16 ), the transition zone between gibbsite at H, to kaolinite at N, is 80 m m wide. At H, the texture is typical of bauxite, as shown in Figure 17 , and confirmed by an AhSi ratio of 1:0.06. The bauxite grades toward J into platy crystals ( Figure  18 ) that fracture to elongate fragments as shown in Figure 19 . The cracked material resembles in structure the naturally occurring, reference allophane illustrated in SEMs by Lahodny-Sarc et al. (1981) . The Ah Si ratio of the area is 1:0.12. Nearby, within the same microspecimen mount, are curved and rounded forms (Figure 20) that are apparently the same material as the presumed allophane shown in Figures 8 and 9 of hand specimen 1. The AI:Si ratio at spot 1 in Figure 20 is 1:0.14, and for the entire area, 1:0.32.
The tiny, powdery particles partly covering or "dusting" the larger curved forms in Figure 20 are morphologically similar to kaolinite produced during the first stages ofhydrothermal synthesis (Lahodny-Sarc et al., 1978) . Similarity in morphology taken alone is only suggestive o f kaolinite, but the identification is strengthened by the occurrence nearby of coarser, powdery particles ( Figure 21) with an AhSi ratio 1:0.39. At K ( Figure 22 ) the small particles rest on substrate material that resembles ragged kaolinite. Spots 1 and 2 of Figure 22 yield AhSi ratios, respectively, of 1:0.41 and 1:0.55.
More well-developed kaolinite morphology can be seen at L ( Figure 23 ) and at M (Figure 24) , where the AI:Si ratio is 1:1.1, the normal ratio for kaolinite. At N, the kaolinite yielded the diffractogram in Figure 2 . The crystals of kaolinite in hand specimen 2 also are strikingly nonuniform in size, as they are in hand specimen 1, attesting again that kaolinite can form in unequal sizes of crystals during one genetic episode.
DISCUSSION A N D CONCLUSIONS
Evidence of resilication of bauxite to kaolinite at an old erosion surface on bauxite at the Alabama Street Mine in Saline County, Arkansas, is graphically presented. In one example, surveyed by SEM and EDX, the transition took place in microstages within 1 mm of vertical distance, whereas in another the change was across 80 ram. The first morphologic change where the advancing silica front invaded the bauxite was a gradational change from grainy gibbsite to a platy-structured material inferred from its morphology to be allophane. The inference is supported by the AI:Si ratio of the material being consistent with that of aluminous allophane. Rearward (the silica side) of the altering front, the platy allophane grades into tiny flakes of kaolinite. These flakes grade into a mixture of coarser flakes and large stacks of kaolinite that are typical of kaolinite deposits. This association of large kaolinite stacks set within a loosely packed matrix of smaller flakes and crystals all of which developed apparently 
Clays and Clay Minerals
in a single (resilication) environment suggests that highly nonuniform sizes of kaolinite crystals can form presumably during a single geologic episode ofin-situ genesis.
The source of the silica added during resilication was most likely ground water from the sandstone that overlay the bauxite conglomerate, but the surface waters that eroded the bauxite exposed during an ancient, or the present, weathering cycle also may have been contributors.
